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Gregor Mendel A Gregor Johann Mendel was born

Johann Mendel in Heinzendorf bei
Odrau (nowHy n I ,iCzeeh Republic),
1822.

A Education - University of Olmoutz,
(particularly in the subjects of
physics and math) and University of
Vienna.

A Mendel joined the Augustinian
Monastery in Brno, and was given the
name Gregor.

A At that time, the monastery was a
cultural center for the region, and
Mendel was immediately exposed to
the research and teaching of its
members, and also gained access to
the monasteryds ex|l
experimental facilities.

A In 1853, upon completing his studies
at the University of Vienna, Mendel
returned to the monastery in Brno
and was given a teaching position at a
secondary school, where he would
stay for more than a decade. It was
during this time that he began the

L experiments for which he is best
http://www.britannica.com/ KNown.




MENDELIAN GENETICS

Genetics started with Gregor Me n d edxperaments with pea
plants in the 1860s. He discovered for first time the discrete
nature of inheritance .

In classical genetics, gene is the unit of heredity determining a
trait . The alternative forms of a gene are called alleles (e.g. for
purple and white petals). The genes of an organism make its
genotype, while the traits make its phenotype.

A diploid eukaryote has every autosomal gene in 2 copies. When
they are identical, the organism is homozygous for this gene.
When they are different, the organism is heterozygous .

Often, the heterozygote has the same phenotype as one of the
homozygotes. The allele which is phenotypically expressed in this
heterozygote is called dominant, and the o0 hi d daea ds
recessive. In Me n d edxpgemsments, purple was the dominant
trait and white was recessive.



Two phenotypes

The dominant trait The recessive trait
Photo: Mirna & Attilio Marzorati Photo: Burbuja Montoro



&) Removed stamens
from purple flower

@) Transferred sperm-
bearing pollen from
stamens of white
flower to egg-
bearing carpel of
purple flower
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U Crossing pea
plants

0 Thatis how
Mendel
prevented
self -
fertilization.
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Mendel ds | aw of S
X parental U Cross of a purple-
generation flowered and a white -
‘ (P) flowered strain  of

FF %

peas.
self-pollinated ,

U R stands for the gene
for purple flowers

u r for the gene for

Fy generation

s white flowers .

o poclen i The law: in F1 all

? 7 : individuals have the

dominant phenotype;

In F2 the phenotypes

R are segregated in a

8 e o relation 31

E I \ ; F2 generation (dominant:recessive).
r
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Purple

Purple
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Ratio 3:1
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(homozygous)
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Each true-breeding plant of the
parental generation has identical
alleles, PP or pp.

P Generation

v/ "
/s
X ~ <,
e =

. . Appearance: Purple White
Gametes (circles) each contain only flowers flowers
one allele for the flower-color gene. Genetic makeup: PP pp
In this case, every gamete produced N N\
Gametes: P ) (P )

by one parent has the same allele.

-

Union of the parental gametes Law of

produces F, hybrids having a Pp : i .
combination. Because the purple- Seg regat_l o
flower allele is dominant, all explanation

these hybrids have purple flowers.

Appearance: Purple flowers
When the hybrid plants produce Genetic makeup: Pp
gametes, the two alleles segregate, : o\ 7N
half the gametes receiving the P Gametes: Y2(P) Y2l p,
allele and the other half the p allele.
This box, a Punnett square, shows ) ~ F, sperm
all possible combinations of alleles P § p)
in offspring that result from an - S e
F; x Fy (Pp X Pp) cross. Each square % %
represents an equally probable product \P) _
of fertilization. For example, the bottom S PP Pp
left box shows the genetic combination 199
resulting from a p ) egg fertilized by ( F_’ AgP
a P sperm. ' bl Pp pp

Random combination of the gametes
results in the 3:1 ratio that Mendel
observed in the F, generation.

A
314>

http://greatneck.k12.ny.us



Types of crosses

U The dominant allele 0 by capital letter (e.g. A), the
recessive allele 0 by the same small letter (e.g. a).
Parents 0 by P, first generation dby F1, 2nd
generation 0 F2 etc., cross 0 by x.

U When we trace the inheritance of 1 pair of alleles,
the cross is called monohybrid. Two pairs o dihybrid,
3 pairs 0 trihybrid.

U Crossing reveals not only the type of inheritance of
traits but also the genotype of particular individuals.
If we want to know the genotype of an individual
having the dominant trait (homo - or heterozygous),
we cross it with an individual having the recessive
trait (recessive homozygote). This is called test
Cross.



100%
heterozygous
organisms

The test cross

) _W\\
-l f 2
Dominant phenotype, Recessive phenotype,
unknown genotype: known genotype:
PP or Pp? pp
If PP, If Pp,

then all offspring purple: then 'z offspring purple
and ' offspring white:

® A @

it

1:1
heterozygous
and
homozygous
organisms

www.bio.utexas.edu
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Yellow vs. green seed colour

http://ib.berkeley.edu

Round vs. wrinkled seed surface



yellow, round  green, wrinkled yellow, wrinkled  green, round

O x @ & x

F1 All yellow, round




Phenotypes in F2 hybrids

Pure breeding
round, yellow
seeds

® — O

RRYY

®

Round, yellow
seeds Self-
: pollination

J —_—

Pure breeding

wrinkled, green RrYy
seeds
$—0

rryy
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Parents (P) Parental gametes First generation (Fy)
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9 Yellow, round
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Incomplete dominance

Some alleles show incomplete dominance.
Heterozygotes have a phenotype intermediate to that of
the two homozygotes. In F2, we have all 3 phenotypes
1:2:1.




P Generation

F4 Generation

Fo Generation
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Can Receive

Codominance

In codominant inheritance, the

heterozygote expresses the traits of

both alleles. E.g. the heterozygote for

the A and B alleles from the ABO blood

Siood Type Genotype Blood From:
LB, AA
A 1 AorO
LA A A
i
fo BB
B e 50 B or O
i
A B A, B,
i AB
AB AB, O
O ii o%e} @)

Group A

Group B

Group AB

Group O

Red bloo
cell type

| [
Antibodids ="~ T i
present R 3 = GO %
Anti-B Anti-A None Anti-A and Anti-B
Antigens 't
present | A antigen | B antigen Aand B No antigens

antigens

group system has phenotype AB.

Multiple alleles

The ABO blood group
system is also an example of
multiple allelism, i.e. more
than 2 alleles in the same
gene locus. Besides the A
and B alleles, it has an O
allele which is recessive to
both A and B.

en.wikipedia.org



P Generation YYRR | ‘Q yyrr

\ \ Independent
Gametes (1) x (y) assortment
; - YyRr '

FiG t

b Hypothesis of Hypothesis of M el Ut el
dependent independent independent
assortment assortment assortment:

sperm A  Allele pairs

1/‘ V‘@ 1/‘ v‘@ separate

Eggs | independently
1 dB » during the
' YYRR| YYRr | YyRR | YyRr forngtion of
F Generation ,/‘® W & (W= gametes.
(predicted YYRr | YYrr | YyRr | Yyrr .
offspring) ——T = T 1A This means that
'/. o @ Q traits are
| YYAR | YyRr | yyRR | yyRr transmitted to
Wy)| @ | & O G offspring
Phenotypic ratio 3:1 YyRr | Yyrr | yyRr | yyrr independently of
o | s/,,Q e = Vi@  One another.
Phenotypic ratio 9:3:3:1

315 | 108 () 101 (& 32 @ Phenotypic ratio approximately 9:3:3: 1 http://greatneck.k12.ny.us



U Thomas Hunt Morgan,
(1866 - 1945) is an
American zoologist and
geneticist.

U He is famous for his
experimental research
with the fruit fly
(Drosophila) by which he
established the
chromosome theory of
heredity.

U He showed that genes are
linked Iin a series on
chromosomes

U Morgands wor Kk
key role in establishing
the field of genetics. He
received the Nobel Prize
for Physiology or Medicine
in 1933.

en.wikipedia.org



P Generation

(homozygous) oy Linked genes
Wild type > » : Double mutant | I

(gray body, i x Dlackbody, B Linked genes are
normal wings) ,»ﬁ )l vestigial wings) inherited together with
b* b* vg* vg* » bbvgvg the other gene(S).

— U When a pair or set of
b Double mutant genes are on the same
(wild type) AT TESTCROSS (black body,

S\g;ran); ab'm.gs) ? vestigial wings) chromosome, they are
AL 3 b | usually inherited

b'bvgtvg o N \1/ R together or as a single
| unit.

= — - U For example, in fruit
6@ Q@ 69 @ flies the genes for eye
» - = P color and the genes for

965 944 206 185 .
Wild type Black- Gray- Black- Wlng Iength are on the
(gray-normal)| vestigial vestigial normal same ChromOSOme, thUS

are inherited together.

Donot conf us
sex-linked gene, which
refers to a gene located
on one of the sex

c:

\@a \.\‘\.3"/ : Q- '(‘"" S \ 7/ :
B - [~ |~

Sperm ASS iy b

’?a :\ ) ) (\ ’)\ 1N

b*bvg*vg | bbvgvg b*bvgvg|bbvg*vg
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Crossing over breaks off the gene linkage, because it changes the place of one
allele from one to the other homologous chromosome.

As a result d allele combinations in the gametes are different from those in
somatic cells.

The frequency of recombination between two genes depends on the distance
between them. This is because crossing over on one place interferes occurring
of other crossing over in the close vicinity. Genes which are closer in the
I(_:hlr<omosomes are often inherited together . Crossing over can not break their
inkage.

By the frequency of recombination between the genes of the fruit fly, Morgan
makes maps of the Drosophila’s chromosomes.

Four products of meiosis

Nonrecombinant
@& Bl

chromosome

Recombinant  eu ™ oD

chromosome

Recombinant  ou ey W >

chromosome

Nonrecombinant g™ e e D

chromosome

Copyright 2000 John Wilay and Sons. Inc



Gene linkage disturbs
iIndependent assortment of the
genes (one of the requirements
for Mendelian inheritance) .

Closely located genes in the
chromosome is more likely to
pass together to the offspring .

If genes are far apart (or on
different chromosomes), they
are unlinked and  assort
independently .

Linkage is measured by the
recombination frequencies .

According to some origins, only
genes less than 50 map units
apart are considered linked.

é\}6 map units
= linked
C
D N

> 52 map units

E../

= independent



Sex determination

Chromosomal sex determination

XX/IXY sex-determination system

(in. most of mammals and some Insects like
Drosophila) : females have two of the same kind

of sex chromosome (XX), while males have two distinct
sex chromosomes (XY).

X and Y chromosomes are different In shape and size
from each other, unlike the autosomes.

Mammal Y chromosome has a gene SRY that determines
maleness.



Sex- linked inheritance

Sex-linked gene is a gene located on one of
the sex chromosomes.

For the gene in the X chromosome males are
hemizygous. They inherit X chromosome only
from their mother. Females inherit X
chromosome from both of parents. Because
of that, females can be homozygous or
heterozygous for the X-linked traits .

Form their father boys inherit Y
chromosome. T h a twbysif we talk about Y-
linked inheritance, it is only between a father

and a son.

Morgan observed that inheritance of eye
color in Drosophila depends on the sex of the
individuals.

The gene is X-linked, red eyes are the
dominant o wi 1 ylp &ait, white eyes are
recessive mutant trait .

Here, just males have white eyes.

Male

Parents
male

X ﬁ( |T_+w+

v

F1 Generation
Female

S o
|

F, Generation
_ Females



Hemizygosity

I ’ q
Hemizygous
Differential
region < u
of the X m
. Homozygous
Q LDifferentiaI S
J region of the Y
\
Homologous { \J } Homologous
region "y v region Heterozygous
Homo sapiens o W
b ]

Hemizygosity means a diploid cell to possesses only one allele of a gene
instead of two.

It could be a normal state like the sex -linked genes, but is possible to be
abnormality too 9 if one autosomal allele is missing.

For the X -linked genes male individuals (XY) are hemizygous.



SEX AND INHERITANCE Sex- linked traits

medacad.wikispaces.com

Haemophilia in human

Another X -linked recessive condition is red -green colorblindness
(Daltonism) IN human www.bio.utexas.edu

www.bio.utexas.edu



